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ABSTRACT 
 
As part of the DOE’s Phase II Large-Scale Mercury Control Technology Field-Testing Program, 
DTE Energy is hosting a full-scale sorbent injection trial at their St. Clair Power Plant.  The 
boilers at this Detroit Edison site typically burn a subbituminous coal blended with a small 
amount of bituminous coal.  The plant has cold-side electrostatic precipitators (ESPs) for air 
pollution control. 
 
During the project Sorbent Technologies Corporation will inject a number of versions of their 
brominated powdered activated carbons (B-PACTM) into the plant’s ESP at different rates under 
different plant conditions, as well as a plain yardstick PAC.  A 30-day long, 24-hour-per-day 
continuous B-PAC injection run will conclude the technology demonstration. 
 
 
INTRODUCTION 
 
The injection of brominated powdered activated carbon (B-PACTM) in front of a boiler’s existing 
particulate control equipment is proving to be a cost-effective method for removing mercury 
from the exhaust gases of coal- fired power plants.1 
 
As part of its DOE NETL’s project “Advanced Utility Mercury-Sorbent Field-Testing Program,” 
Sorbent Technologies Corporation began injecting B-PAC™ at DTE Energy’s Detroit Edison 
St. Clair Power Plant in early August of 2004.  The baseloaded St. Clair Station has six boilers, 
four nearly identical wall- fired units rated at about 160 MW each and two tangentially-fired 
boilers rated at approximately 350 MW and 540 MW.  After passing through each boiler’s air 
preheater, the flue gas from each of the four wall- fired boilers splits into two ducts to pass 
through one of eight parallel cold-side electrostatic precipitators (ESPs).  The sorbent injection 
trials are being carried out on Bo iler No. 1, with injection ahead of one of the 80 MW ESPs.  
See Figure 1. 
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Figure 1.  The ductwork leading to St. Clair’s ESPs, where the mercury removal takes place. 
 

 
 
 
The Boiler 1 ESP has six fields and a theoretical specific collection area of 700 ft2/k acfm, 
although in practice the first field is not energized.  The typical flue gas temperature at full load 
at the sorbent injection point is about 335oF.  The vaporous mercury species in the flue gas, 
both total and elemental, is continuously measured at points both before injection and after the 
ESP. 
 
The St. Clair plant typically burns a blend of 85% subbituminous coal and 15% Eastern 
bituminous coal.  For maximum load, the boilers can also be co-fired with a small amount of oil, 
although parametric testing will be avoided during these instances.  With a derate, the boiler can 
also be fired with 100% subbituminous coal for short periods and the test program will try to 
take advantage of this in some parametric runs. 
 
The demonstration program includes: 
 

1) baseline testing to collect plant operating and emissions data and samples without sorbent 
injection; 

2) a parametric test period, examining the performance of different B-PAC sorbents injected 
under different conditions in short-term runs; and 

3) a long-term trial, injecting B-PAC continuously for 30 days, 24 hours-per-day following 
the plant load, to examine any balance-of-plant effects. 
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METHODS AND EQUIPMENT 
 
Computational Fluid Dynamic Modeling 
 
It may be important to initially distribute the sorbent proportional to the flue gas mass flow.  
Unfortunately, measurements at the plant indicated a skewed gas distribution in the ductwork 
leading to the electrostatic precipitator (ESP).   
 
Figure 2.  Skewed gas flow at the injection plane. 
 

 
Project partner Fuel Tech Inc. performed computational fluid dynamic modeling (CFD) of the 
system.  Through an iterative process combining models of solids injection and gas flow, a lance 
arrangement was determined that result ed in an acceptably even sorbent distribution. 
 
Figure 3.  Matching particle distributions with gas flow for a uniform distribution. 
 
 

 
 

 
The final design called for six identical open-ended lances arranged in a slightly asymmetric 
pattern. 
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Sorbent Injection 
 
Rather than erect a traditional PAC silo at St. Clair, which requires building a concrete 
foundation, a transportable injection trailer was built for the project.  Such a trailer can be easily 
moved from plant to plant to perform future mercury control trials.  It was designed so that its 
day-bin could be fed from supersacks for short parametric tests, or from an off- loaded bulk 
trailer full of B-PAC for long-term, continuous trials.  Both are included in the St. Clair program.  
The equipment is capable of continually injecting sorbent for approximately 400 MW of flue 
gas, depending on the injection rate required. 
 
 
Figure 4.  The transportable injection trailer can be fed from both supersacks or bulk trailers. 
 

 
 
Figure 5.  The trailer contains a PLC-controlled weigh-feeder and a blower to transport the 
sorbent to the lances in the duct. 
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Continuous Mercury Monitoring 
 
Western Kentucky University (WKU) is performing the project’s mercury measurements using 
two of the latest-generation PS Analytical Ltd. (PSA) continuous mercury monitors (CMMs).  
WKU has used PSA CMMs at over 15 other power plants.  PSA, a project partner, is testing their 
new dual wet/dry converter for oxidized mercury in the project, although all parametric runs will 
be monitored using the more-familiar wet mode.  The sampling system includes two of the latest-
generation Baldwin inertial separators to keep the sampling stream free of fly ash and sorbent.  
These units allow dynamic spiking for calibration.  Metco is performing the project’s Ontario 
Hydro Method sampling to verify the CMM calibrations. 
 
 
Figure 6.  One of the PS Analytical wet/dry mercury sample gas conditioning units. 
 

 
 
BASELINE DATA 
 
Flue gas vapor-phase mercury concentrations sampled before the sorbent injection ports have 
varied from around 4 to 10 µg/Nm3 (at 3% O2) with 80% to 90% in the elemental form.  
Baseline mercury emissions range from about 3 to 8 µg/Nm3, with about half in the elemental 
form.  These baseline measurements indicate that native mercury removal at the plant without 
any sorbent injection varies between 0% and about 40%.  For an idea of mercury variability at 
the plant, see the following preliminary five-day CMM plots in Figures 7 through 10. 
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Figures 7.  Concentration differences represent Total Hg removal without sorbent. 
 

 
Figures 8.  Hg(0) differences represent oxidation or removal across the ESP without sorbent. 
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Figures 9.  Differences between Hg(T) and Hg(0) represent Hg(+2) at the inlet to the ESP. 

 
Figures10.  Differences between Hg(T) and Hg(0) represent Hg(+2) at the outlet of the ESP. 
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PARAMETRIC TESTING 
 
B-PAC injection was begun the week that this paper was submitted, so little data can be reported 
here.  However, early results of the parametric trials will be included in the oral Mega Symposium 
presentation.   
 
Some very preliminary initial data - without QA/QC and subject to change - is presented below.  
Injected at only 2 pounds of sorbent-per-million-actual-cubic-feet-of- flue-gas (lb/MMacf), 
standard B-PAC appeared to lower total mercury emissions at full load at St. Clair by about 50%, 
for a net reduction of over 60%.  Sorbent Technologies’ special “concrete-friendlyTM” version of 
B-PAC appeared to perform similarly, reaching a net mercury reduction of about 80% at a 
4 lb/MMacf sorbent consumption rate.  This would increase the fly ash load to the ESP by about 
1 wt%.  Note that these results are very preliminary and will be verified and expanded upon in 
further testing over the coming weeks. 
 
Figure 11.  Intial, preliminary data for B-PAC injection at St. Clair. 

 
B-PACTM PRODUCTION PLANT 
 
In order to supply the B-PAC sorbents needed by the long-term runs of the large, full-scale 
demonstrations of this project, Sorbent Technologies has built a full-scale mercury sorbent 
bromination facility.  This facility can produce over 1,500 tons of B-PAC™ utility mercury 
sorbent per year, enough to supply a number of power plants on a permanent, ongoing basis.  
With approximately six months notice, the facility can be easily expanded to supply additional 
power plants on a continuing, permanent basis.  At the power plant site all that is required is a 
storage silo to accept bulk-truck sorbent deliveries and a feeder/blower to direct the sorbent to 
lances sticking into the ductwork.  These can be installed in a few days, potentially without any 
plant downtime.
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FUTURE PLANS 
 
Following the St. Clair testing, Sorbent Technologies will move the injection trailer to 
Duke Energy’s Buck Plant in North Carolina for additional full-scale trials.  This plant burns a 
low-sulfur bituminous coal and has a challenging hot-side ESP for particulate control that 
operates at 700oF.  Testing is scheduled for the winter of 2004-5. 
 
 
CONCLUSIONS 
 
The U.S. Department of Energy’s Large-Scale Mercury Control Technology Field Testing 
Program is continuing to successfully demonstrate full-scale options to lower coal- fired utility 
mercury emissions.  Partnering with DTE Energy and Sorbent Technologies in this project with 
subbituminous coal, the program is developing the technology and industry experience required 
to increase the efficiency and lower the cost of power plant mercury control. 
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